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(54) NITRIDE SEMICONDUCTOR ELEMENT. LIGHT EMITTING ELEMENT AND THEIR 
MANUFACTURE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To reduce the crystal 
defect density of dislocations, laminate defects, 
defective tubular holes, etc., by forming a desired 
element structure on a nitride compd. semiconductor 
layer involving a first region having vertically 
extending through-dislocations and second region 
released from the dislocation, other than the center 
part. 

SOLUTION: On a sapphire substrate 20. an Si02 
mask 21 having openings 21a of 2 m in diameter at 
spacings of 10 m is formed, the sapphire substrate 
20 with the mask 21 is introduced in a region chamber 
of an MCVD apparatus, then thermally cleaning is 
made to remove moisture and natural oxide film, a 
GaN buffer layer 22 is formed on the sapphire 
substrate 20 with the mask 21, and the substrate 
temp, is raised after growing the buffer layer 22 to 
form a GaN layer 23. From the sectional TEM 
observation, the through-dislocations 25 locate only 

approximately at a central part of the Si02 mask 21 and the crystal defect little exists at 
other parts. 



8 1 Ot ^;a,^ 2^ 




Slogan 



c o o o 

O Q O O O O O 

o o o o □ o 




w«:=cai jii 13 1 / 
1 



[Date of request for examination] 07.03.2001 

[Date of sending the examiner's decision of 
rejection] 

[Kind of final disposal of application other 
than the examiner's decision of rejection or 
application converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[IMumber of appeal against examiner's decision 
of rejection] 

[Date of requesting appeal against examiner's 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998.2000 Japanese Patent Offi 



Cis)B^m^mrf (j p) 



<i2) H 4^ 11^ i2t 




(A) (ll)*ftfm«4iMS^ 

#^2000-21789 
(P2000-21789A) 

(43)i5rB8H ¥^12^ 1 ^21 e (2000. 1.21) 



C5 1) Intel.' 

H 0 1 L 21/205 

33/00 

HOIS 5/323 



F I 

H 0 1 L 21/205 

33/00 
HOIS 3/18 



6 7 3 



5F 0 4 1 
5F 0 4 5 
5 F 0 7 3 



«lEi9^ *ai* iJ*«CD»C 5 F D . 22 H) 





I^HJpl 0-256088 


(71) a® A 


000003078 












JPJSRIO^ 8 ^ 27 B (1998. 8. 27) 




»3S;iiAa;ii«ffj2gK«5;iiir72Sia 






(72) 






»*§S¥9 -234884 








JFjSt 9 ^ 8 ^ 29 B (1997. 8. 29) 








B* (J P) 




Sill iEfr 




I^KJFlO-50773 






C32)flE5tB 


W^miO^ 3 ^ 3 B (1998. 3. 3) 








B* (J P) 


(74)^311 A 


100058479 








#a± «&a: ajge (^6«) 











(54) [^?gc5«»] SYt4fellSi|i««=3!5T» liit^^Rjy^-tCDSSja;^!* 



(57) [sm 

(C^lNTs 1^- 7 7 -< T'^ODStS 2 0±{3HPgl5 2 1 

Wrs S i O2 •^:^'>2 1 SrffMbfc^, ^O±{cM0 




G 0 N 



H M » 




23 
21 



20 



2 1 : S I O2 VT-C? 22 : GaNA'i'I^pM 
2 3: GaNTJttIS 2 5 : HiS^ 



(2) 



§32000-21 789 



isnmM2] mimt. 

Iny Al^Bj.^.y.^ N (O^x. y. x 

+ y + z^i) T-ifM^nsc:i:^if#g!!tt-.5lf*jjl 
{•Iia®^©M^b^g^);S4^^^^^*^^$,5^^^±gg^l^IS2 tta^o 

[it5Rii4] Huiav^^ji, Busa^iji±jc, H^jfj 

ga^l©?S«5i:, 

h5 13 ;^ ^' © Hfi ISM □ gp *5 i l^■mj iailt eg □ gg± ff^ fig $ 

fl5iav;:^^o^®{zj&oTH?iae<4*5ii:jgt-^§^3 

Htia^ 3 ©Mis±{cjf^M^ti, H5iafett*>e.gf^M^nfc 
Btjia^ 2 ©fRJiit, ?&*(ig-r 5 c ii ^^mii-r^in^m 
1 '-ea^©^{b!gai?.i|iiff*s^fe^i,^{iii^j^2{ciaie 

oSfbtj^fi^^^^, 

wjgav;^i'±T-0 7 7^^;i/i5Jo:RSr$ijffl Us v;:^^ 

ni-ijS.T^j:oizmmt^ji^t. 



to 0 0 1 ] 

cm<DmR±iz^imj^{t-^^i-u^f^mt:BmbTi'^ss. 
■r?>^^m(ti--v\ ^^^■^yt-}'. Ritm^T'Jux 

[0 0 0 2] 

^^^-VxT-K (LED) tf (LD) ffl© 

t^l4i:LT. GaNS:{±l;4i!)i:-rSMfbi^^sfb^!g54iif 

h L T it 7 T"!" dig < ffl I > e> 4b- 

[0 0 0 3] f-^T-f'T'-^'S i CSIfi±tZGaN^O:L. 

totf ?.2fb%3^^b^^*i;¥f*Ji$:ffjfigr5:)?iSi: u. 

T. ^^^m^^^^ (MOCVD) <^^,^ 
e.nT^^S. MOCVDS{Cit31f7y'-l'7'«©a^£± 
{CGaN^{±l;«)i:-rS Mfb^lFJb^^i{ii!¥f*Ji <£ ffM 

■r?>m. j^*Sa^o^:^*5pjsg;feiga (i o o o*cw±) 

[0 0 04] -^CITn -jK{3*^gCDj5)cS*5qI|g^c 1 0 

0 0 •CW±©jgST-afb^,?Jb^tl#^f*iiS:fi)(;ft^5 
BU(C, 5 0 0 ~ 6 0 0 'CISiK <DfgST-S'K±t A 1 NX 

fct G a N A» e> fig 5 M 7 7 Jl $:fi!t:^f -5 1, ^ e n 

[0 0 0 5] b*»u iS5•aT•©J5Sc:^^i;]sgii^i^c^•^^T^ 

A-^{^r?>mzM,(Dmrriz^a. mmiK?,%. ^^-^^ 
o:):f^^(ommKmf'^^'^x-^m^tiZo vy^^Tm 

+S±^®a{bf5#.<b-&tl4^2§f*®OJ5)tftT'tt$>J 1 0 8 ~ 

1 0"cm-2^CD;^ggjgg|j;{,S5^;5g^^^ C:n6©^(i 

ttfiE«:^iD] iz mi§ LtzmM^iiLtLx^Mmi^iz^^L 

^m^i^-v^(Dm=pmmizti\,yx. mitm^mmi.^ 

Am0:mzwfx^^^o 

[0 0 0 6] ZZX. ^ttfiicft{C*>lt5SO^{*B§{Z«i| 
A^^^5te^it•r>V^T, Ell 9 ;&#HSLTSiB^t--5« m 

19 (a) {iiTx-rj:^(Cs E&mnmmmiziii^x. m& 

mi^>'$>'Ai,zmm$tiio z<Dt§. KttcD^bsci 

&t±\:.tJ:\,^^iLm.t^mmt^zt^tx■^u\,^, ^^^s 

iitfi:, 019 (b) lZn<tXolZ. M<D-^mz^r)M 

i:(iT-S2)A^ 1X10^ cm"2^T-i^'>$-y--5©A5|!I 
St, Ell 9 (c) JCSs-r<tolC. Sfb^^lFs 

~1 0llcm"2cD^£{iZAs#?f-rsci:(I'&:S. 



(3) 



[0 0 0 7] Mmm{iL(D^:&i)imit<^m^i^itm^lZ-^ 

^-®K:^- (^^ri'UT') mmt^l^<. J^->'^Bi&]ei)S,J^ 

[0 0 0 8] ( 2 ) ^S^^|i|■5^jSO^^,^g<btl^^b^ 

(3) Riife{4(Z)$feJjg (Siie{4*5^g®^Bi:3ct)5 
m®sWMS:fiitftUTf^fi£-r •5^aS^#^4gjt (MQ 

COi^^figft® {C ^ T ^ifc / ^ ^' — > - {C 7i ^ o 
[0 0 0 9] (4) t-y h©#?E{CJ;t), *2i?f*U— !f 

(5) m.m.mi,zmmmt^9-:r—z/^(D:^m(DMmi>zf& 

(6) i&m.?^'pmmmmizMs^<D]'—->^>htK mm. 

[0 0 10] JiJ.±©id^cromci: t), ^^©?;:SSRft£ 

[0 0 1 1] sfc, M{bi^i^fb^i^ijiii?f*o4'-r-4^fc: I 

[0 0 12] 

[«B^A5^^U«toi:f •5iS®J cicDi^ictS*, Sfb 

[0 0 13] :$;*H^{i, ±iB©»t»$r%/gtT^^nfc 
^^ti. ?t^fit)*$i4(DSSFi&afbitJ9l^fbiS-%i*i^f*®&-y 



[0 0 14] 

t::^ *^B^©^«iiilct^5Sfbtim*j?f*^^^tt. ^ 

lilt, Htii2Bl@±C}fM^fnfcajgCCDg8ag6$:*f 
SC©e{2*5Sii:^(S|Hg£t-saaicfil[$:*1-5^ 1 CD 

fc^2(DtR«ji:&$tfafb^lSrb^^-N£jg(*)li:. suia 

[0015] mjiamsi©^?fiiig(iH ^sflt)icHM8as2 

[0016] *^B^OltJtt^ 3 {C^S^)tlg?{±, ^ 1 

miia^i@±{cffjfi£$nfclt^<DMagB?&*-rs 
©e{iiA5iiil;^rrqj{c}iS-r.5Mii^{aS:W-r-5^ 1 cDti 

^i:, HuiaffjfegeW^T-fe^THlItateiiiA^^gi&^tifc 

^ 2 cDfS^i: *^tfafb%>mfb^^*ii?{*S fcs Siria^ 

<bt;iF.fb^!fe*s^f*®cDs5ia^ 2 ®fS^±(z^MS<]tcff^ 

[0017] ±iaiSAf?lI 1 CDil^-«S{*^^$)'5VMiifAtclI 

3CD^)fc^^{z*5i,%T. ^ia-^;^^'0*jmx M 

V>Ts 1 0 0 0°CW±©SjST■S^&&^U^^I-^^g3ST-fe 

[0 0 1 8] $e>t, g5l3^1®(i, AlGaN, In 

GaN, A IN, GaN. ti^V^Z.ix<;>(D^;imzB^^ 
A0bfe*J*4, Si. S i C, .■y-7 7'l'74b"il>'C:ne)CD 

[0 0 19] v;:^^CQlSS®ggag|J«±. i^«S6«){^ffM^ 
[0 0 2 0] ^e.tc, H5iav;^i5^®B?iia«IS©BflPg8 

i±, mumti^m^'^'^^mimo <i i-2o> 

[0 0 2 1 ] ^B^^fflScftiiJtt ^^(S < 1 1 
-2 0) ttSi;5(Rl5:?»b, n^miJh^z:^i>l5[^(0iXB.t 
bT7j^^f^^T^^5. 

[0 0 2 2] ^ mmmimmt-^PM^^^itmcom 

hA«SI$b^^o 

[ 0 0 2 3] 6fc. n3lB^^b^^^^ib^1»Jt-4^^*li^i^ 



(0 0 24] ? e>{c. m5-^xi7±(omit^mit-^<^^ 
[0 0 2 5] mimimmit-^^mtm^^ . g 

Iny Al, Bi_^_y_2 N (Ogx, z\ x 
+ y+z^l) T-ffM^nSCfcAsSS bl>„ 

[0 0 2 6] Btjia v;^ (4, B^iaB 1 m±iz. ^m'^a 

-ffi *» e> g^jK $ n hmIB^ 2 © Sits i: * OS f c: i: AS T- 

[0 0 2 7] mt&m 1 ga:, -^o^stcjiwfiijfcff^Bg^ 
[0 0 2 8] Hoia ^ ©miia<tig(CDgaage*5;^ h ^ -f 

:7'tt{cif^fig$ti^ #ggpg|5©*i^w, BijIB^^fecDgBPglJ 

cD;iisfl?£p, B?ia^iji©4g^^^^as. miiaaib^ 

^.{b^^*i?f*®O^S^^gi^£ a nfc Lfci: 

— l%gw/'p- an/as <1%, 4b' J:t>- 

— 1 %S (p -w) /p - a n/a s g 1 % 

[0 0 2 9] *^B^OIiARiS 1 3 {Cf^5gfb<g9^.i|i^|f* 

i&mtiiism^mi^m^mco a.m <i i-2o> tsit 

[0 0 3 0] mhdm<t.^mh-^!^ig.{tm:^timt^ji 
(4 . misa ^ ^ © a ® © o T em 1- s Kte *s jjj-^ 

S ^ i£ -r s *i J|||« r s ;^ 7^ •> 7" ^ ^ tr c 1 3bs s s 

[0 0 3 1 ] mi?,mim(±. AlGaN, InGaN. 
AIN, GaN, ^J:zrztlio<DUmzB^mULrzU 
Si. Sic, 1t7 T'-f 7'^-iu--c:tie)©^rgMC-) 



[0 0 3 2] *^B^T-(i, mih^?^it^^^i^i^^^y. 
l£±tGaN-?>GaA 1 liti:t^comih^m^^^{tIW'S:B 

[0 0 3 3] 7 7^7;i.«fiOti^, S2 Otjj^-rSEM 

^^i^ttj::i,-7:^{7g^aipmms^izsi^i^tix\,'>i>zt 

i:*ST-t2>o ^LTv -^^^■xDmamm^mmizmtR.T 

^ZiiiZjit), MMmi^Lm&^l 03 ~i 0? cm-2fc: 

<ii-2o> tmm:&jpsiz7-<>mzBis.Lrzs io 

2 ■^^^i'As— LTSIf e>tl-5o "^;^4'OI3Pgf5CDi!:i 
<^i'^§aPg|5CD*i(±2>uint;i±, «t»)»SL<tt5;tdmfel 

[0 0 3 4] If]*., g^btIJF^4i^f^*l^^©^^fig(c^ba^ 
1 ;i±{cffM^ ^ cD±«5{cg^biB!;ifi*^f f*^^ 

ssD, {mm^:Kim\z^±$it:^ziiii^x 

[0 0 3 5] Sfc, «®«iiOJSSJ:f)^>t-r-5Mfbig3 
t) ©|qI±^©i!«&S*sff ens. 

[0 0 3 6] ^ e>(i, m^^mm<b^?f.^i^{tu-if(D 
m^. BLmm.iz^if:s>Km^<Dxmf<tf^±izj:>3, 



t 



c 0 0 3 7 ] m{t^?f.mit-^'^^m-{i-<Dm^aS,ntis^± 

LTtDfiJffl^ i^v-T^-t yiftLX(D 

^ o 

to 0 3 81 St, *^B^T-{i, i 

CDS 1 ®±(rifJBKrsg<b!g!Jitiigf*^?^ffMr SJ® 

CO 0 3 9] ^!Saifi£«l9]Wi§flT-<i> v>^^^PgB±lC 

«5Mfbigaifii?{*^^T-tt'fS?^^^j5t i^nea U 1 0 10 c 

CO 0 4 0] ;^ h^-C — >lrj:5v^^«:ffll"»fc 

{cia6t/StetecDSijS3!)S3:3j(Qifest 

^ y^^-XD^mcD:^^^. <ig^j5£ft?-y--s^fbtj*« 

<1 - 1 0 0> :^fpIi:¥fTlw-rsc tdsftMT-fe 

»)s c:©^^(cft*,77^7;uj5)iSb-^-ri^3:^rpi(ifii4fi 
7!)5isi-{;iiff-r-5. gfbt)¥igf*cD < 1 - 1 0 o> ;&|pi 
t 9 ojgr6bfc-7;^^^\^->T-©gfb^J!)*j?f*fi£ft 

ti ii T- , m.ik(Dmitm^i^ti.<Dmt r- 1 ^^. 

en ^{bife4i*i?f*©*Sa^fiK:R(± c ldli^(6Jfi7i5i^^,^c9 
A^lffJ-^E.^B®-v';;?.i7>'^^->-C-{i <1 - 1 0 

[ 0 0 4 2] Sit. Kllg;^^EI^=^§Jtt3iSli(i:^fb 



) *#g82000-21789 
•y-77-1'7 (0 0 0 1) catMfbA'U "^Ac®©!! 

->oymtmm<D]t^mmz-r ^ ZL tx-miiL^^co 

izmx^ji^^z iiX-:K^Uiihmtm^ix?>,> 

[0 0 4 3] mitm^mft^iz siu t:(D!^mm 
©'>35: (, ^a^b^»!)^^iii?^*A5^f 6 n 5 . 

[0 0 4 4] ccOctdtCs A^ffJ^H^ff^Ov;^^j'>'^^' 
- > ffl t ^ fc 7 7 ; Ult ft ^ *'J ffl U t ± SB {c ff>fig ^ n •£ 

afb^^jsf*!^^ tciiv^-cjix maett'& ifoiss^^Pii 

®'>J&:^^ii5£?.s©s^bial^^il^*^S:}fJ^i!c■r•^. ^ td^ortg 

[0 0 4 5] sfc. *^H§(3j;ntf> mif^mt-^!^^ 

'i^H-m (.m^l£. InGaAlN) ©a®ffiil{*S:*-r 
■5*ji?i*l^^tCiJl^T, I nGaAlNSO-SBtC^SS 

Jf^ttiiv;^^? (0iJxli\ Si02 ) SrSB^e^tCftJEfi^n 

zti^. l:^T^zm.m■ti,o 

[0 0 4 6] Bfiji!i®J:-5lct¥5S©GaNm*«?f*^^T- 
$SiMnmt^:^^ (Si02 ) *sg)5^fl<J{-^tfi!^^^^T^^ 

«ajx.«AlGaNtt:, «;er(S|)5S«<&ecit-fc 

[0 0 4 7] 

^^mLxmnt^. u^i. ^^ftmizx^bm^itm^tm 
mt-^H^m^^m^'^rzi,<DX!^nt£. %^m=f-x^m. 

[0 0 4 8] (SI ©HiSff^.^) 0 1 ;5le 3 {±, ;$:^0J 

OS 1 <Dnm.wM\z%t>^mit'^Jk^^it-m'f-(Dmmt: 
m^nt^fz^fDmx. m unburn 2 mzit. 

[0 0 4 9] ^mm5\mx\t. v^^mRif^^m^z 

ysmx. (0 0 0 1) ffil:¥fTJ&:±S$:Wt-S-y-7 7"<" 
T«tfi±{CifrM£^i!S^ta€« (MOCVD) fi{Z^t)G 

aN@^ffJ/J!c•r•5^i^(;•:3^^Tg^iHflrSo St, iiE5fer£ 

[0 0 5 0] 121 1 lis J: iJf^/aLZiSSfb^yj?n4i 



[0 0 5 1] ^r. v-yy^TmsLi o±tfgia (so 

0~6 0 O'C) T-GaN/N-'y 7 7® 1 2 ^m+nmB^m. 

L, -eo'^taisisjsc^: i o o o°cj-:a±{c#sl, i^is 

*eGaN^*gg©j5g:Si{)SarHgJ&: 1 0 0 0*Ca±CDiiSig 

T-fi!t:R^£fTdi:x ^^^rn^m^i 6%t^miz:K^\,^ 

[0 0 5 2] V-yy-iTmmi 0±{CGaN/N-«;/ 

77®12$:^LT^ i^iSGaN® 1 3S:fiJcft-rs:)?i£ 

[0 0 5 3] *^i5E?#, ggjjEiftcioTjais^n 

1 2 0 o'cx-mi o^mtnfmAQ^'':'9->yimLs m 
ffi ic T- # s »igifbai * ^ 5fe b fc . 

[0 0 5 4] iJ:t-.T% -y-77''l'T»fil 0±tC. GaN 
v^-y^TS 1 2$:fi!(;SigS5 5 0-CT-4^Bg. P$4 0 

X7kmt^20. 5L/^^ m.niS7.iL\^X\^T>=&-T 
5L/^, TMG (h •Jp<-9^;i'*"';'^A) 2 5 

1 2^mX- 1 1 0 0°C(C#igLv 1 1 0 O'CtCi!] 
ilLfce>GaN® 1.3S: lB§Bg^ftU. 2Am©J!»?{C 

[0 0 5 5] »:t^T\ ClCDi-ptC bTff^ntSSi&JSKft 
GaN« 1 3{roi>Ts ^7*DS;jil^fiUfX|glHl*f^ 

J; D -:/05ijifif ^icDS'J^. 7n-ju^<)}^m^ 

^^t-dTzo ^©ifS^. ^S¥tit4®ll*!)T^l>GaN® 

1 3*sff e,nfc::i:A5$ijfl^^fc„ xu^mmns. 2 a. 

rcmin , ^^r^ U 7'igjS6 x 1 O^^cm'^ (nSI) . 
^l'^i&iS5 0 0 cm2 /V • sec eSJfeiiT'f'^fiStbit 
GaNJii:bT{±, JtUt6«j^J?J&:*S^^#t4*sf#e,nfco 
*fc. C:©l^*4tc-:3CAT»f®*^e>igiiia^ii8aii (TE 
M) ia^$rfToti:C5s ^ig^SftGaN® 1 ScfOH 
aic{5^S(±if^3 X 1 0^ cm'^X'tb'!). t^^ST-f-^^ 
L t G a N if i: b T<±f£«c{jiS-;S®(ga^*^f# ^ n 
[0 0 5 6] ifct. *^BJ{cJ;5;^{ST-GaN®;&f^/5g 

btia^tcooT. E12, ms^m^^xmmt^o mz 

[0 0 5 7] S-r. 0 3{c:q;-rj:dlrv tt7 7'-fTffltg 



(6) ^§32000-21789 
2 0±{r, 1 0//mF^PwTitg2/zmCDggngi5 2 1 a$ 

#-rss i 02 A»6>fie'5-7;^i' 2 1 i£ffM-r-5, 

T% CO-7;^^2 l-grfi-f S-y7 7-1'7"Sffi2 OS, tig 

*i:|5»i®M0CVD^E®SJc.Sl*l(;j§Ab, JiS/ili^ 

{i.toTiiQi?^$n5-y-b7'^±tciS:Sb;to <^;i^T-, ^ 

S.XJkm^ 2 5 L/^lJ-OtftMT-lSb'iAsc,^ tSS 1 2 0 

0 'cxm 1 0 -y— ■7;u^ -ii^^-'Sff i-\ 

■^g«S^fbflMSI^*bt. 

[0 0 5 8] »:i,>T% 2 1 ^m0S.\.tiV y t ^ 7 

Slfi2 0±t:, GaNM.>7 7^2 2 S:fi!tfti&]S5 5 0 
•CT 2^rafieMb> JP? 2 0 nmtCffJjSgbto *IISlT- 
Jifi!cftB#0^-V' >J7**;^ i:bT7X^i& 2 0. 5 L 

/^*4**;^i: bxr^^-TS: 9. 5 l/^, tmg 

$r2 S c c/:»-85tbfco >'N->;/ 
7 Til 2 2 $:fdcft'^> StSiSJSds 110 0*CtrfRUtT# 
ig$n, TMGtt^M& 10 0c c/^ttgftObfc. is 
1 0 0-C{riiJ«bt'#GaNS2 3 & 1 B$F^fi2:R 
bs 2AmC!)M;Sicif^jE£bfco 
[0 0 5 9]?*:oT\ ::©J;dl::bTff ^nfeSJiSjESS 

GaN^2 3(C-Ql,NTs ^ 7 D i^||^^it>-Xi^[Hllffi£ 

^n^ko -ecDi^^. a®¥aff©<!g*!)TsnfcGaN 

m2 St^m^tL. X|g4^fi*i(± 1 . 2 arcmln . ^i'U 
711)6 5 X 1 0^5cni"3 (nM) , *-;i/^ftje9 0 0 
cm2 /V - sec fc, tJe^SST-ttff e.n«:3b»t?fc?l5SS 

i^m^^Saig (TEM) ilSSrff^fci:Ci5, iSSiSiSgfi 
G a NJl 2 3 «4'OMiie{a^jett*>) 1 X 1 0 ^ c m~2{: 
fgt^^fl.Ti> t)> t;£*?iT-ftfigbfcGaNJlCDMiife{a 
^jgOif>Jl/'l 0 Of^ofc. 
[0 0 6 0] ^fz. BfSTEMH^lC iSi:, RilftfiS: 
2 5{±S i O2 v;:^;^ 2 1 ®(5(3:tt'^gi5{C©ii*#<5E bT 

2 1 ±T-^±7v^^;^^S:gAit?ii^^^^ x';^^'2 icd^^ 

^X&^<Dma&i2 1 a3!pe>77^7;i/JESftbt^^*s^ 

[0 0 6 1 ] ^£*i. *^J£ff^.^T-{is fgjS>'N-->'77'^2 
2$:|&{tx ^0±ge{CifjgiEie:RGaN® 2 3^£rifMbfe 

■rSgaPgi5 2 1 a©®«AS;$:||jg}fjg|oj;^(c/h^v>jy| 

^{z li, ffiigy! y 7 bX' hm^o^ihmtm 6 ti 

[0 0 6 2] C:©J;^{c*||S£ff^.^{Zj;n{S. •y-77"r 
7ffllS2 0±{ZffgP2 1 a^Wt-^SS i O2 vj^^i' 2 1 
^mif. -^7.^2 \ <Dmm l a<£litIbTf£?S^fiG 
aNM.>7 7'ji2 2Sl>-iliig^SGaNii2 3SffJfiR-r 



1 



(0 0 6 3] 3i*J> J^HfiSffJ^T-iiMOCVDrSSffllN 

^?^ifa:iit^4'^->- (MBE) S^rfflC^t*. iV^. 
[0 0 6 4] (m 2 OHiSff^.^) HI 4 (±, *^BJ<Dm 2 

[0 0 6 5] -y- 7 7 -r Zfitfi 3 0±(C, ^geS l a<£;* 
•rs S i O2 *»e>J5£Sv;^i' 3 1 A^fsfig^tis v;:i^3 
1 Ojggca 1 atCliMOC VDi£{; i fJfgfiGaNM-.;/ 

77^3 2*5jf^J5£$nTl'>S. ^LT> v;^i7 3 1SUf 

— 7* G a N Tltee 3 3 ffjfig ^ n T I -5 . 
[0 0 6 6] GaNT%il3 3±{Ctt, nSiGaNz3> 
h®3 5. nSIAlGaN«»5EfiA®3 6. niMG 
aNite^V h-®3 7, ^MM^SP (MQW) 
-rs InGaNSrStt®3 8, p{l!lGaNifc*--f K®3 
9. pSA 1 GaN«»^f£X®4 0. pSGaNn>^ 

[0 0 6 7] ±iB#-S«lil©— SBtt. nMGaNr/^^' 

StbLfc=3>^i7 hil3 5±(;n{P.!)IHsl4 2 A^if^ 
fig^^xTl^S. #®«ligT-Bft£$n>5:w^gP^®p 
SIG aNnv^'i^ hg4 1 ±Jc{±mSSI^^CD}ti6S i O 

pSJGaN3>^i7Kg4 l±l::piK!lll114 4*SifJfife^ 

[0 0 6 8] :^mmBmco^^i^iy-v(Dm'M^ 
ssifflissft (MocvD) mzxiX'^^Ltzo m^^tzm 

(TMG) , h •;^?-;i/7;U^->>A (TMA) , 

h U ^^^^U-f >v>>A (TMI) , Y.7.iy^u^y^t? 
ji-^UV^^.i^i^A (Cp2 Mg) **;^ig3^i: 
br. 7-^=^-7 (NH3 ) , '>7> (SiH4 ) ^ffi 
l^feo Sits =3r^ ';7•;^'P^i;L/T7X^>Rl^'g^^&ffll^ 

[0 0 6 9] Sfv t^- 7 7 -r zatS 3 0±tC. (a5{;;T^ 
■rj:o^c5 0/zmf^PitSSig^^ttSI (IBaSfl) 3 1 a 
$:IS{JtS i 02 *»e>J5£5v;^i7 3 1 S:BJ5£-rS. 
T-s -^^^ 3 1 ^W^j5tif , ^JJEfftcioTMaLfc 

COtl-7 7'l'Za^fi3 0$:MOCVD^S«;5f&*P 
rtira^AL/s 1 2 0 0*C, 1 0 ^9-Ft301f — v;!/^' "J -:z 

[0 0 7 0] ^X'^^T^ •y-b7"^'?a6£&5 0 0'Ct±^ 

U> fffijg/tJcMG a •> 7 rli 3 2 5: 3 i''>nil;5jcfi-r -So 
*fdV^-t-b-L'7'^'j£i/X£S: 1 1 0 O'CiC^iSt. 1 1 0 0*C 



(7) *#ga2000-21789 

tf!litL/fc'*^i'U7**;^i:LT7X^S:2 0. 5 L/ 
7'>t:::7'$:9. 5 L/;^. TMGS: 1 0 0 c c/ 

Sfv';^^' 3 U;ffMLtrg3 1 aA^lliijiSas 

- G a N TlfeJl 3 3 A^jfiiEig $ n 5 . 
[0 0 7 1] <^CV^T% SiH4 ^ 1 0 d c;iJDx.x iil^ 
LTnMGaNn>^'i7 M3 5 (ff ^ 4 . 0/zm)$: 
jf^fiSLit, |7E^^T^ TMA$: 6 0 c c/^OijSST-i)D^ 
SC:i:(I<t!3. nSAlGaNm»5tr$AJ13 6 (J?^ 
0. 2 5/zm) $:ffMt-5,, ^ e> {I-f-©±{C. 7yY — 
7'GaNTJ&J13 4i:PI1«©fiKft^(^-C% GaNjfe**-r 

[0 0 7 2] ^<D'^. ateigJS!&7 4 O'CST-P^JSL. 

';7A'x;&7k^*»e>a^ (ffiS2o. sl/^) \z 

tU!?gx..5o ClCDt^> Z>^-7'CDiiei:{±9 . 5 L/ 
TMGCDs?tg(±9 c c/i^-^i: TMloet$& 

Mi&s 1 4 0 c c/^s 3 0 c c/^i:3SStCtDt)©xS 

Ci:tcJ:!3, I n GaNIF.fStt^ 3 8 Srff^fig Ufco 

I nGaNIF.SfSjia 8I±, 3?iOD I no.2 G aQ.s N 

(11^2nm) #^^4: 1 no.05Gao.95N (JS$ 4 n 

m) Pf^il*^ e.^.5^Sfi?#P (MQW) -fgjgSrWt- 

^ o 

[0 0 7 3] I nGaNJF.rSi^SS 8«:jfM^, SffiiS 

JS<£Sl>'l 1 P 0'C{c#jg1--5. Stfejg^AU 1 0 0°C 

triibfe^. ^^■'}7iS7.-^^-u'm.mi^hiY^m {.mA2 

0. 5 L/':0-) 'vWD^Xs GaNJteA'-i' 3 9, p 
SiA 1 GaN«r?ltr±A@4 0 (ff^ 0 . 2 5>uin) , p 
g/GaNny^r^ hS4 1 (ip^f 0 . 3>um) d® 
WT-ffJisS-rSo pS^AlGaNmgitf±Ag4 0fi£ftB$O 
pgj H— h/l#4Cp2 Mg<Dtft*&SI±s 2 0 0 cc 
tU pSGaNrj^^^' h®4 l©fil4ftB#cr)Cp2 M 
g©WI&a«±5 0 cchbfco pSGaNn^^i'h^ 

ur**;^ (1SM20. 5L/^) s SU^Z^^-T 

*9. SL/^fl-) ©i«A^&§l#M#«*&U StfiigJSE^e 
5 0'C(Cjtbtl^{C(?±bfc. 

[0 0 7 4] w±(D;^ST-{'^fi)<;^ntS{biBDm*j?{*u 

®ii2J§«?gHiA!ll^ (TEM) ||^^&ff^ti:C5s MQ 
W«|ii^:S-r-5 I nGaNMrSttSSStwy:, ntah^CD^ 

[0 0 7 5] ux±.<Dm'^^. vt'J^mzi.Z)\y-vm'^m 



J: S U — !f ffl ^® SMT ttx 1 0 10 c m"2©ig52gJS©S 

[0 0 7 6] ±ia#Ji«jgCD-g|J$:. nSiGaN 

nv^'^ hjl3 H^-r J^';'5=->i^i£{r J:t)M?* 

L, -ecD±gB{CT i/A 1 A'f>J5£5n{PJjmisl4 2 

l±{CJ±mSS»55^(D*:i6!)S i O2 il4 
3 $rilj;?Stll3ffJ^t> ::©S i O2 ® 4 3J5J>'pSGa 
NrJ >^i7 hg4 l±{c:piPijmisg4 4$:B^L/fc„ 

[0 0 7 73 »:tr> ±m(om.m^m-r?>^m-»^mm^ 

ffMLfe'i7i/\$:, 3 5 0 /zmx 5 0 0 >um©:^#${C 

^, iS:^4 1 7 nmx-^i^mm^mT?>z.t*mm^ii 

tzo ^.^©i&if «JEIi 4 . 5V. 
1. 5 kA/cm2 T-fe-3ifc. 

[0.0 7 8] {*3fej£T-ftfi)(;L>tGaN3F.iiiag{;*:U— -tf 
^g*.>)As®<, SiSfbUfclql— ^(£f:TT-YtJ^UT 
f^tSr5|g^©SS*5 4 0%?i]KT-fe t). ^fcW 

(:: * v^ p {PiJ«<!l*j3^4*' u -vm^m^^ {cffiftic bt 

X(4pSH->'1> h-Cft5Vi/';^'>"jA (M 

[0 0 7 9] ztuzMi^^mm^^mx-tt. ±tmm}^t^ 

ijV^ikii.(Dm 1 0 0~ 1 0 0 Oi^lzmu. iS^^ii^X^ 

[0 0 8 0] tji^. :^nmmmx-iiv-viz-oi\-zm.m 
[0 0 8 1 ] (Si 3 o^uTMiftj) ^, 3 ommmpsxti. 



8) nmzoQQ-znsd 

irGaN (2/zm) , XttGaAlN (0. 3um) / 
GaN (2/zm) ^fiKSLt»lfi±{CBj5£-rs. 
[0 0 8 2] $r, ±I3®S«±{C 1 0>umti©S iO 

2 v;^i7$;, GaNX{±GaAlNJlcDatt <1 1-2 
0> i:ilie;^[ql <i - 1 0 0> 2>umP^fl-c:^ 

±{rMOCVD}S{Ci 5, 5~5 O/zmCDGaNS^fiic 

esi#^ns. ifc, Biffiigiia^sga^ (tem) nig 
[0 0 8 3] c:o<t^icJFettA5esc«^nx n^mmm 

fi)cb. ISM«©:)?}i{cJ:t)ijiii?(*u-tf$:f^fi£bt. ±13 
:^ife{ci-3Tf'^fi£bfcSfb^^i^i*u— tft, ^uas^ 

:;^a(wfqi±b, M2©|ISEffj.^T-^b}t u-iffc(snt 
*\ ^ntt±©T$tt£^«bto 

[0 0 8 4] *l?SSff>.^T-t±U— ■y-"{COl>-rSiB^ 

[0 0 8 5] (^4 (Dmmxm:) m e t4> *^b^©b 4 

[0 0 8 6] *^Jffiff^®©iiiig{*U-1f®f^i5g:j??S<&, 

fetTtcijiB^-rso *-r> -y-^T-f Tfitss o±t. si 

O2 i:Ti 02 7!)^e>fi)(;.5f^/im&^«{cif}«iibT^t 
fi£btv;^^5 l&B^ti>„ •?7.'f5 lt^i^ 

[0 0 8 7] UTOU--!f^^^ffl#ilMOif^;5)c(4MOC 

VDifetJ; fjf'^figbfc. 5 1 ?£ffj^igbfc-y-7 7"<' 
7'StS5 0±(C, GaN-'>--y:7 7'/i (m^s-H-r) f)^2^ 
m^&^ti^o -^©±86(^8 iS: H->^bfcnSGaN 
=i>4'^'h^5 3 (ff^2//m) SrJ^ft-rS. C:©B#, 

v'l'^ft^- Ktc^ff bs ¥tH4©Mt^ll*sft^^!K^ns« 

i^l''>T> •?-©±gl5(lS i$ K-7*bifcif ^0. 25/zm 

©nSGao.8 Alo.2 N®gitj£A® 5 4 i&kftf-S. 
[0 0 8 8] ^^^:^^T^ J?? 0 . 1 //m© I hq i G a 

0.9 NfS^4@5 S^&^Kftb, ^©.tgCtCMg-^ K-T-b 

tzM^ O. 2 5/zin©pS^Gao.8 A lo.2 

^5 6, nSyOao.s A I0.2 N«f^»i5^7i 5 7 SJii»: 
^dtft-rSo Cl©^/-B r>x-'\?£MOC VDSSffiA^eai 



^ o 

CO 0 8 9] ifcixT-, f>a:MS:^ucMOCVD^g{C«? 

JSSSfiiofi'^. '>3i-'A$:MOCVD^BA»e)5l!3aiT. 

pSiGaNr]>^-5' hS5 8cD!5iJ-^®t-S i 
O2 iiTiOg 6»e>^i!^S#®ii«^&^«(cJ:^)«g■rs, 

w^mzMnL. mi(Ds.mm5 9^ifm-t^„ —yj. v 

:7 7-i'7«tg5 0±{CjfJfiR^nt S i O2 i:Ti02 A» 
[0 0 9 0] W±cDJ:-5{;f^fiK^nfcU— tfffi^SfliCD 

nSGaNnv^i' 5 3 <&gai^-t*T. nffi!im^6 
0$rjfMt-5» — pSiGaNn^^^' hS5 8±JC 

[0 0 9 1 ] tXl.(D^o\Z.\'^m\.tz.^'^\i^V-^^\L — 

U§t^(aSgi{±9 5mA, i!jftmEE<±4. SVCfeo 

[0 0 9 2] *||fiEffJ?J{Cj;S®^ifc3l4ijg{4:U--tfT- 
ti. SiOg i:Ti02 A»e)J5gS#SM&v>^i7 5 I t 

J^^^RI^jKtt> eie3f5&© 1 0 0 ^© 1 WT«ciS'> 
[0 0 9 3] Sfc, i«*ifeT-<i'i'3i>'\®rt-C-J5KftJl, 4^ 

i: UTffl^,^itS i O2 i:Ti02 A'^fiJcSf'iim^feSW 

c 0 0 9 4 ] (^5 (D-mmm m 1 li, ^fj^gB^o^ 5 

fSilllT-fe.2)o 

CO 0 9 5] nSi^U=l>a|S6 Otjf^ 1 0 0 

nintDSABSfbS i M6 1 ^/iffiffbiPrtT-B^f 
•2). <i*:l^T^ cntCUv:^ hSregifnL, ifi^(D>tgJt{£ 



(9) 1^182000-21789 

t)x ±i3®g|ngl5cD»«*i/';3>g|fbBM6 ^ 
6 1a$:ffJ^-rSo cmtcit), 'J 3 6 0 

D^S(*l(IAn, S i02 fli6 l*^^^L:^rfV^i^(;, 
0 0 0*CT- 1 0 ^fS(DD- --^ Ji' if U -:::>i'*$:fT 

CO 0 9 6] iJcUTv i?^ 2 . Oxim(DnS^GaN3> 
^'^ 3 S i O2 IK6 1 

3a<&ft-5<. ClCDnS/GaNny^i^ h-ge 3{iS i O2 
ai6 l±T-J±^7=-5;Ufi!c:^-rSfctf), St£dSi^U:3>T- 

^0. 2 5/zm(DngiAlGaNaiiS?±A;i6 4. 
0. 1 //mOI no,25Gao.75NSttil6 5, 0. 
2 5>uinCDpSJAlGaNmfi5triAJi6 6, J9^0. 3 

/imOpSGaNn>^i' hS6 7 SrClCQJli-Cff^JSiE-r 
S. 

CO 0 9 7] MocvD^gA»e>BX»jmbfc^. ->y=» 

>SIS6 OCD^StZnS^m^ie 8$:s^gT-Bfi!<;-r-5<, S 
fcx pSGaNu^^'i' 6 7®*®S:ifcg5feT->'^^' 
-:^>^L, 'J7 h3r7?*{;J:i3pSI«fii6 9 5&ia{t 
?.o pS^ b--f>'^^LfcaoS'l4{bi:. pM. 

Srff do 

C 0 0 9 8 ] l-;A±®;?ST-{'^J5i4Ufc^*i5'-'f KJCil 
4, ^MT- ^ 5 h t -> d f ij;;?. S -5 o 

c 0 0 9 9 ] (^6 (Dmmam) m s *^b^©^ e 

■tfCD ?^ -r W @ 0 1: -5 o 

[0 10 0] ^r. v-yy^TmRs o±tcMocvD 

?£{CJ: DfgigGaN>'N'-y77jl8 2 SrmSU, ^©±35 
{;7'> K— 7"GaNTJfeii8 3$4)oft-r-2><, ^^I'^Ts n 
SGaNnV*'^' F-gS 4. nMA 1 G aN«?Jitj±X^ 
8 5. n0iJGaN;)te*''f Kil8 6, #fiS?#F (MQ 
W) I nGaNmfStt@8 7. p{H!lGaN 

^fe^VHMBS. pSAl GaN«SKaA@8 9, 
GaN=/>^^' 9 0S:C:©)ii-CJ5)c*U U-+ftC.i;« 

[0 10 1] ±u^mmm(D\y-v{immLU^^^M 

^>?&«$&:^';^i: UTJ?^ 5 0 nm<DS i O2 1 

m-^L. ^"7^ x.^:/^yirx-m^Ltz^m:.(D^. 4 2 



t^^(Dm (mam 9 1 a^&wi-ss 102 

-^T.i' 9 1 ^B^t?>o c:oai9 l afciGa 

[0 10 2] CO'^. AOX4'Oa4S$:Sl>*MO C VD^ 
SF'3{c:^L. ^>K— T'CDGaN^g 2?& 1 0 Onm® 

^■f-S). nSGaNgS 4 iinSiA 1 GaN@8 5®^ 
pMGaN® 9 0CD±(CpS«il9 4?&-E-n-5tlffJ 

[0 10 3] zoLxM\^tz^mi*.iy-irizm.mix 

4 2 0 nm©^±{C^fe{bbfcU— -f-'itAs 

etsST-^fc. GaNigje^gSg 2cr»{gaB(-tt, 4 2 0nm 
;SW®Si02 h^-f T'x'J^rJ^ 9 l*^#:ffi-r.5t 
^!6> «f -KSgrttCAt?/: 4 2 0 nml-:i^1-©^^ft $r^^•pfc>t 

^ i:'®^PiSAS/>J&:t>ii5SK®® t -fe o T t> S o 
[0 10 4] ^CijN U— tfffl^SMSrJESMf^HtJfC. 4 
2 OnrnjUM^iOS 103;^ ■< y^B^VX^itlt. 
[Sim(0:^x&XxS^im<OTtzmm4 2 0 nm©Bffi^1S^^& 

t^-^^^i^mm (DFB) i^— t>-*ftf!£-r-5ci:*.Drtg 
[0106] «±s ±13^ 1 ;7iM^ 5 (Dm^mmx'ti. 

ufejs^ s i 02 , T i 02 (omz, m{t<mm\^^^ 

'f^t^(Om.^^^X & ^ 100 0°Cti±OiaST-W^t4S: 
W-rs (SJt.U3&:t>) (Bl^Ojaj||*sff 

n, LT I O3 , T i N. A 1 N. S i . 

WN^ mt^mf^rii)^ i o o o-cw±(Z)SigT- 
[0 10 6] ^i!5$^^4^©Ml^^4o^v^^^$4^v;^^^t^ 

[0 10 7] Sts f^^5^^^40^S^^W^4S:•x';;^^^: UT 



(10) ^§52000-21789 

[0 10 8] ti±oj:-5{c, mir(Dn&i.^mt^Lr;i-7x 

[0 10 9] ±i2IISSffJ.^r-{±fi!cftSlfii:UT^ 

■^MgAl2 O4 ^®S^S$:ffll,>SC:i:t»T-#S, 
[0 1 10] *^B^{iMfbiB5ffJb^!^4ijgf*$: 

[0111] i'mifDmm.Bm m^s mi oa^^e^ 

7 ®lliSJf^.^{C(^b5S{bifel***i?f*l/— fSrittB^ 

if/^i'—y(DW-Mmxhi>o 

[0 1 1 2] 09{CijUT, 1 0 lli-y-7 7''l'7Stgv 
, 1 0 2H:v;^^J:L/-r©S i02 S (0. 3>ura) . 1 

0 SttT-^ K — 7'GaN® (3//m) , 10 4lin-G 
aN3>^'^ hJl (S i H— r, 5xlol8cm"3, 3 

jum) , 1 0 5ttn-A lo.08^^0.92^^^ 
(SiK— Ixl0l8cm"3, 0. 8>um), 10 
6l±n-GaN?j|[ifiE® (S i F-T", 0. 1/zm). 1 
O7'ttn-Alo.2 N^^r-fr 'J 73f-— 7 D — 

(S i K— lxlol8cni-3, zOnin). 

1 0 SttrSttST-fei.. Sitgl 0 8tt, InGaNM 
=f-i^H (T-VK— I no. 2 Gao.8 N, 3 nm) 
5^i:^n$:j3^trl nOaNlifgg (TV K-T", In 
O.OSGao.gsN. 6 nm) 5!)»e.^S#9^#Pfiiji ( S C 
H-MQW) ^:^&;r^T^^5. 

[0 113]^e.{C, 1 0 9ttp-A 1q 2 Gag.g N 

>'>-— 7D-K±Ji (Mg H— 7", ixio 

18cm-3, 2 0nm) , 1 1 0 ttp - G a NaSiS^ (M 

g K — 7*, 0. 1 ^m) . 1 1 1 lip - A Iq^oS^ ^ 
0.02^^^ (Mg K-7', lxlolScm"3, 

0. Bum). 1 1 2<±p-GaNrJ>:$'i7 hJl (Mg 
K — T*. lx lol8cni-3, 0. 8/im) ^ 113{±P 
t (10nm)/'Ti (2 0nm) /P t (3 0nm) 
/Au (l>um) ^giiCOp{PlJ«^^i. 1 14(±A1/Ti 
/AufiliiOnffliJS-H, 1 1 5ttS i O2 $fe?tflMT-fe 

[0 1 14] iii9T-^^-r«ii©s^ii??te(iv wTccat) 

T-afei.. S-Tx ■y-7 7'-i'7aEfgi 0 i±{::> Eli o 

(a) {Cfl-^-r<fc-5{C. CVD^T-JfMUfcS i O2 ^ 1 

0 2(lAftJfJ(cfjgnL/tv;<i7$:^$j5j(;-r.5o CcDS i O 

2 •7:^i'(om^is\Rv^'X^^o:)mt.. ityy-irmsii 0 



1 i:T> K-T'GaN 1 0 3(D^^Tm^(D 1 %i^XTt. 
&ia{±7> K— 7"GaN 1 03© <1-100>;5 

[0 115] M^^H^T- 1 2 0 O'CST'^^ 

qE-T*";2^i:^^ »JT*";^$:etl&Ufcil»IOM0 C VD 
lOO'CtC^iSLx IBf^T^ K-T^GaN® 1 0 3^ 

Egfi-r^o ::cD3§fS{::*5i->Ttt. S-rv^^r^lngPtcG 

a.N*5 5 0 0*CT-J±MSy?{w^iSi*Lx 110 O'CtC^ig 
■TSCliiT-A^littOGaNAsjfM^ns, ^l^T, 3 
T^i^lz^'y^^ji^mt'^m^rfL. lB#P^^g{;(i^Jflj&:7'> 
K— 7*0 a N@ 1 0 3 *»fl*filc$n.So 

CO 1 1 6] J:t)i*iffltci!i'«.n«. ■^Tsf^mamzmm 

Id:, 1 0 2®gatC7&^T«:^|qit;fEtSUs v;^ 

il^f*bT, MiiSc{i$:ffJfiSit-2)o GaN® 1 0 St'^m. 
GaN® 1 0 3©-^ff^W.±®tg^lcl±, 

1 0 2(Dm!ft&±x-^^xi,. m{iLtii^^-r?>mmt. 

CO 1 17] Sfcx CVDifeT-jf^fiKbfcS i02 ® 1 0 

\^^^S.X-T~-*) >^^$:^ft)^&:l,^i:^ M{big3iji«!|f*J^« 

fbifei*i§«;*s s i 02 ® 1 0 2±{ct.:^mMiJ{w^*UT 

CO 1 1 8] »:^,^T^ ;«cS.S^<&-y--ric. n-GaNn 
^^i' bill 04, n-AlGaN^^-;/KM105, 
n-GaN«gjSil 1 0 6i n-Alo.2 Gag.g N^-^^ 

•J z;f — 7 D —m±m 10 7. M Q WrS^iffi 1 0 

8, P-Alo.2 ^^0.8 N^-V "J 7":^— >'^•— 7D— 
±m 10 9, p-GaN*iliS® 110, p-A lo.ogG 
ag.ozN^^-^ H/Bl 1 1, p-GaN3>^i?l-@l 

1 i^mmi0S.ri>p 

[0 1 19] ^>;t,^T^ ±i3^iltilii®-a5^& G aN 

t)l^*U p«■y■i&ffMU^ gtBUfcnMGaN3>^^ 

h® 1 0 4©g®(Cn(Hijm® 1 1 4?&ffJfiK^^o St. 
> ■!tOlS±geT-i&^p^GaN3>^i' h® 1 1 2{C(i 

h^-f 7-tt©p{PMtsgl 1 3&ifM^5o ^Ot^^, 
^tBLtgfb4Jfl4^i§f4i/S«aBfl{iS i O2 ® 1 1 5T-|S 

c 0 1 2 0] in±o:):fjmxmjS.^nrz'^ium^i»i^u 



i^M2000-21789 

»f®JgJi1t?IP.^I^ (TEM) K^&fTofcfcd^s a 
i: ¥ST'lSl-'&:«Sff S: 5 M Q W^gitiSf^jES 

[0 12 1] ijctc. ±&o^^mi^^mm^jimLtzo X. 

«tSllft5!)!2 5 0/zmlC3£t5io{I^F--;'7'fbUv 
# if f * b - tf S: f'p fig b fc . 6 © iii a# f$ U - tf { r « 

?±A^ffofci:C:5, igjft4 1 5~4 1 7 nrnT^iSig 
If^ffiA'StlS^nt. ^?©fi!;f'^«EJi4. 8V±0. 
3V, b*l.'>tt«iS^Stt 1 . 5~1. 8kA/cm2 
X-Sb^tzo etc, -^xMrtcg 7%W±©^^T- 1 0 

0 0 OB#F^i.:i.±©^jgSJ7c^fS*56iEg^n7io ^ 

7^^;i/fi£ft$:ff i^J&ri^T-IBJ-o^i^tt: u — tf<£ftfi)t bfc 
ilC^s ^JlMtf^MiieffiSStt 1 0llcm-2gjgi: 
S<x ^^©K(f^«]E(± 6 . 2V±1. 5V. btV>(a 
S^agJStt2~5 kA/cm2 i:«e)0§A5;^# < , ^ 

[0 12 2] c©j:-9iz*^jEffj.^(±. -y- 7 r -r T-aig 

1 0 1±{CA^B©BSP''^^ — >^:*1'5S i O2 
^ I 0 2^B^L. ^©x'>^^'±{ZGaN® 1 0 3 
7^7;ufiS;ft^*"JfflbTJfMf Miifete^ 
©i^RI©ii^J&:C'«gSMOGaNS 1 0 S^rffM-fSCli: 

S ?)0|qI±S:lll-5Ci:4'T-tS. 
[0 12 3] Jfc*5> *^JgffJ.^T-(±> lai 0 (a) X't^ 

\^rz7\mB<Dmaf^'S'->^mt^s i 02 1 0 

2Sffl^,^fc7!)^ iaio (b) XmtE.f^BcDmani'— 

> ^ W r -5 -7 ;^ <^ O /i il^T- IB]«©^^ i&f# 5 d 
tt^X-^tzo ^^iZ, mi 0 (a) T-^-bfcA^ffJ>'^^' 
->S:Si02 ®Si:bTfflt>fc®^. ^flltciaiO 

(b) x-7nLtz=mm^^^-y^s i O2, (DBitbXm 

\>^tzm-^x-i>. iBim<Dif)}^tm^ixtzo 
[0124] (^8 commmm) e 1 1 ^^m(Dm 

TTitmrnrnx-h^o 01 i^f^s 0 i~3 1 

ia94'©l 0 1~1 1 SJrffl^btl^S. 
[0 12 5] -y-^r-f 7StS3 0 l±(Clls ^l©-^';:^ 
t\^xm$ 0 . 3>um©S i 02®3 0 2 a*>Bfi!c? 
ix, -?-©±{cJP^ 3>um©7>K-7'GaNii3 0 3 a 
*sffM^tlTi/^.5. GaN® 3 0 3 a±(C(±, ^2©^ 
:^i7ilLXm$0. 3 Am©©S i02 ®3 0 2b7!)SffJ 
fig^tl. ^©±{IiP^f 3Am©7>H-7'GaN®3 0 
3 bA?ifJfi)t^^ titles. 

[0 12 6] ^bTs GaNig3 0 3 b±tc{i, 5t©^ 
7©|^iffi/fJ.^i:(5]m(I. n-GaN3>^i' h/i3 0 
4, n-A lo.o8Gao.92N^7y H®3 0 5, n-G 
aNi,^i;M§3 0 6^ n-Alo.2 Gao.8 N=¥--V';7'2i- 



(12) 
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— y^— 7D— (?5±®3 0 7^ SCH-MQWSi4Ji3 0 
8. p-Alo.2 Gao 8 N^^ "J 7';i-— 7 D— 
ihJi3 0 9, p-GaNj^jSJ13 1 0, P-AIq.qsG 
ao.ozN^-^-;/ HM3 1 1, p-GaNnVtJ'^^ h^3 

1 2\ pmmms 1 3, n#j«®3 14. s 1 02 ^ 

M3 1 5ASjfJ^$nT^^5o 

[0 12 7] *llfiSff5«sA5^CD^7©^MffJ.«t^J5:S 
f^\t. S i O2 ^^^Sr^iJfflLit^T^^^Ufigft^ 2@iff 
a;ii:T-$)5o tifeoTx n-GaN3>^^ h@3 0 4 

[0 12 8] 1t 7 7 -r TSIS 3 0 l±{r, 011 

fC^Tv^idJC. CVDifeT-if^fiicbfcS i O2 J13 0 2 a 

^tJ' 3 0 2 acDJUSB. ;«c^^OJt<ix sHKDMmnmt 
m^iZ, -tf 7 7 -f 7S|fi 3 0 1 tT'^ H— :rGaN3 0 
3aO<S^!^^gipCDl%J.:l.T4:Ux ^attT^H-T-Q 
aN303 a©<l-10 0> ;^(qI{C¥fTJC^-5 J;d{; 

[0 12 9] ^^^la^T- 1 2 0 O'CST'^S 

UT*t5©-y-— >;— r:>^-i: S i O2 -^:^^3 0 

5 0 O'C^T-^igb, h U-><5=-;u**'J "i^ASy^r 
> ^ - 7- i: ^ -VU et,J& L femi^P © M O C V 

Di£{Cj;i3 3^F^GaN<S:jgKft-r-So iav>Ts iSje^fc 1 
lOO-CtC^iSU IBtP^T'V K— 7'GaN^3 0 3 a 

[0 13 0] i>:v^-C^ ffiSS iOg j!M3 0 2 b&CVD 
iST-BfiKly^ 7> K— 7'GaN3 0 3 a® < 1 - 1 0 

0> :;^(q]i:^fTtC, ♦fS/zm, ilIK^2 0 x^mtD^^ h v-f 

:7'-7;^^'$:ffMf s. »:^^-c^ Sl^^iamT- 1 2 0 o*c 

ST•#^SL■^:^ atgo-y--:^;!/^ 'J— ->i^i:S i O2 
-5-;^^' 3 0 2 bcDT---'; >^^^«fefe^il<£J£1-o 
-€-®^s 1 1 0 0 *C * T-^S h U ^ 5^;u*' 

P^Z> H-7*GaN@3 0 3 b $:^rgft1--5o 

[0 13 1] »:v>T\ :^M,fc»g-r5c:i:MU{c, n- 

GaN=l>^'^ h®3 0 4W|5f<&ifJ^!gL. ijiagf^U— »f 

02x';^«'3 0 2bcD;;^ ytw-mzr?>ztizx 

[0 13 2] i.:x±:(Dy]r^i■^im^nrcm{t^ym^^mitiy 

mt. T>K-7'GaN@3 0 3 a<3D4'T-$^l cm 
■2ST\ Z^K-T'GaN^S 0 3bJ:!3±g|30$>JlflM 

[0 13 3] mz. ±m(Dnm^--^-r^^mi-^t'mm^ 



I/— tf{cmS£i£A?&b/:i:::5x l6S4 1 5-4 l 7n 
8V±0. 2V, U#lrNfim«tSJKttl . 5~1. 6 k 

m^-c 1 5 0 oom?si-:i±(o^iSimm^mmm^ti 

[0 1 3 4] c:©j;d(i*ll5£ff^.^T-ti^ 2[h]cd77"7 

[0 13 5] *||JgffJ^T-»±> HI 0 (a) ilTji 

x^tztK c©fteir^0iO (b) X-7ri-r=f^B(Dma^^ 

^-y. M{c{iA^jf^©stt>'^:5'->x ^m'^(Dmw^ 

©Si02-^;^^ (302a) *sA^ffJX(±H^ff^.'^^' 
— >T-fenJi'iUo St. *^igff^®T(i2[Hl©5 7'5 

d T t- fSi^T- ^ -5 C i: {± c \ a S T- 

[0 13 6] i:X±. ^7Sl>-M8©|IMff5ST-tt^ ^7" 

±«CSi02 $:fflt^tl^^^c:o^,^TittB«Lt*^ c:©{te 
(cafb!g5m-:{i«llf*©fiK«iaJST-$>5 1 0 0 0'Cfei±©ia 

So fi?iJi:LT, Ti02 . I n2 O3 . TiN, Si 

N, wNx^Asfeifen'S. 1 0 0 0 •cj.:i±©?« 

igT-W^<4$:*1-.5*,©T-fenK. ^>^^;<7^>^©^ 

UT1t77-f rSlfi^^lc^J/fei^ c:©{fet. Si. 
Sic, ZnO, MgAl2 O4 ^©Slfi^fflt^'5 CI i: 

(0 1 3 7] St. *^B^tta{bi^^iji^f4:u_tf<D«^A 

'&;e>-r. ^%m^. m^y^'^-f ^i.zi> 

'l±©|ni±t i 5, .i!${cii5Ep/»D«jE5bS'i:>S^5:S^^^^c^J 
[ 0 1 3. 8 ] (^9 (D%mm) 0 1 2 tt. ^^m(Dm 
9 ©^j5Sffj!S(r{^t)5gfbt)iF.#j^f* u -vcomT-mm 

[ 0 1 3 9 ] S 1 2 {C*)a>-C 5 1 1 tt-y 7 7 -f T&iSiX- 
Sb>). Cl©Slfi5 1 l±(;(inSGaN>'N-->77ii 5 1 
2*sif$/ig$nTV^-5o GaN/'^->77^5 1 2±tttS 

i O2 5 1 0*5;^ h ^-f 7't)iit::ffM^?ti> z(D^ 

y.^ 5 1 0S:/^]^^T''^■•>7 7®5 1 2\t.Ph'&<D'fJi^ ^X 
:3iy^yir$tiX^-^^, GaN>'^«y77^5 1 2;5:I>'S 



(13) 



4t 582000-21789 



iOg ^;^^'5 1 0±(C(±nSJAlGaN^7y H®5 

tzit. Yy\=-yGaN^ii'f ]=m5 I 4^ InGaN 
XI nGaNi>e>'£i:Sl:?#p^5 1 5, pSGaNJt 
z^VH^Sie. pMAlGaN^7«;; H®5 1 7ASf^ 

[0 14 0] it, ±i2£D«®fiijif*tt, SHdsd^ei' 

h-®5 1 3±tCj±n#jaiS5 1 9A5ffM$nTl^ 
«o pSIAlGaNi'7'V Kg5 1 7±J:U±. (gjgijtp 
§^GaNr3>:J'-^ hSS 1 8 S::>M/Tp{PJja<15 2 Oi^ 
JBfi)4^nTl>.S. C:ne)(DSfii5 19,52 Ott^n-e 

[0 14 1] dClT-v &Jl©*g^fi5<.:R{c:iiM0CVDSr 
^^fflLT^^i)o Sfcs PgfS«ji€:W-rSGaN (5 1 
2) /A 1 GaN (5 13) c^'VT^Dfg^^rf'^^, fcto 
nS^GaNSS I 2a)j5Kg^lcv;^i'i:;&;^S iO 

MmlZta^XdlZl^iyT. h &ffll^T>'^^ — — >i''$:ff ^ 
fc. dCDt^, TiMG &Nm5 i 2(D—S&i,^'y^>-{/' 

fiSif$.^T-(iSIS(P.'J S:n^i:Lfe7!)\ cnt Stfiffid 
*5p ^©ii^t::*, affix- ffS. c©iSi^, pSGaN® 

CO 1 4 2] :i^mmBm(Dm^x-ii. ^mmm^^T^ 

® 5 1 3$:iI<Jf^fi)i-r-5C:i:3!)S-C-g, •i'^'>HS5 13 
igCDit^^igf^iU— ^f£DL^^^^a{±. IkA/cm^ffe 

»jx ^i^*ol/5JWT^c/J^^<■r-5c:^:*^T-$^:. 

(^1 OC^SgffJ^) ® 1 OOHMff^.^T-fi. h^-f 
T^ttOS i O2 v;i^>$:Bfi)(;-r5;^fpiS:^'fb^-&s 77=- 

^m%mm.SL (MocvD) \z^^'n-:>tzc m \ 3 

(a) (±. •y7 7'fZfi|fi±{;:GaN®$:i^i)2. 5x£m 
■i(D±.{zm^l . 5 jL£ mo:^ h^'i'T'ttS iO 
2 ^;^^?&if^3 AmF^PST-it^y-f <1 1-2 

1 > :^rrpl. f'&l^^t.GaNCD <1 - 1 0 0) :^(p]{lffj;5j)t 

[0143] St. mis (b) tt, -y- 7 7 -< TS1S± 
{C G a N Sri^U 2 . 5 // mfi^^ Lfcm83i:lR]«'&:««±(:: 
til^-J 1 . 5umO:)X h ^-r 7"ttS i O2 V7.i/$:|;<l3>u 
mT-P41P.yT-, 013 (a) tligO" mU^Mi^^. Ttji 
t>hV:y7-(Tm\S.(D il- \ 0 0) yj^tiL ?,t(±Ga 
N© < 1 1-20) :Z;fftJlCjfifi)cUfci®^(7J|^iJT-i>^. 11 



1 3 (a) . (b) tt^SSm^miS (SEM) »c<fc 

(0 1 4 4] 0 1 3 (a) T-tts S i O2 
U'5tl>SB^^-r-H:, T«k®OttlBS:Stt«^i,>T-GaN0DfiK 
ft*^iiffL. S i02 v;^i^A5#ffi-r-5gi5:»-T-(±. v;^ 

(0 14 5] 013 (b) T-Ji. S i O2 v;^^ 

[0 14 6] W±®^SmA'6. MOCVDj£T-l±X 

<1 1-2 0) ;?j6l, 
t-35:t)t.GaNO <1 - 1 0 0> :^|plt:ff$fig-rs:i i:*^ 
bV^C iiA^i^A'So 014. 01 5 -5- 7^ ^ ;i/fi!cft 

{£is^ns-y7 7"f 7Steo <i - 2 0) ;^(pi, -rj&t) 

*)GaNO <1 - 1 0 0> 7!riqI»C. Si02;^h^-f7' 
■r. •y-7 7-i'7'St6i:GaN®i:0^®T-^^UfcRii 

(0 14 7] — v;^*'A5??ffi-r-5gB^5-T-tts -^7.^ 

i'iliSd»e)GaN07X7;i'JE!!t:^A5aiff U il^^J^i' 

[0 14 8] $e>{Cx ^^i'iiijagqfc^^E^-ssafeii 

2>L£infiJKGaNg$:)5g*^F-ti-i.C:i:m: t)s fiEft 

;^ (Pi {3 e» ^ 5 WAWA-Cih- A5#^E-r S i d -5 o 
(0 14 9] tttt>'lb. W&miL\t.-^7.^t-^hW.tltz^ 

^x- lies* ?} ^ft;5fq] umr^tK v;^ <^ e 

I3*»6), 7 7"7>»l'^K«*s(Sji$n¥e'&iGaNSM*5f#6 

srBscii:. ^rz-77,i7(07,h^^7'm(Dmm^&i<-r 
(^ 1 1 (Dmmm) s 1 1 (DnmBBxa. s 1 02 

^ov;^^ $:B^^5TJtaS«i: UT G a N Srfflt^;ta 

*Jj:l>'A 1 GaN$rffll^7ctl^{IO^,^■^:, 5''r^JV 
I^Ani^^m^lt^Ltzlfi^iTrito GaN©/<£ft{±H5 

i3ii«Sffj,^ti5)i«tWM^ii5iri^a^s (MOCVD) ?s 

[0 1 5 0] 01 6I±, 1t7r'<'5'^lfi±{lGaN^S: 
|;>J 2 m/jJc:^ ^<7J±l:tsr-J 2 /i m®7 h v -< 7**^ S 
i O2 v;:^i/S:>C ^5>-r 7|if||i^^<j3/iinT-B/i!cbtt,ffl 



J:l;GaN$rif^2/imfiEftLt^. AlGaN$J^2/z 
* V ymm^^ 3 M mT-ffM b t) CD SrfigftS^ 

10 15 1] s i O2 ■=<';^i'®;^ h^-f 7"co;^(aiii, ^ 

1 OCO^^gff^.®T•^^LfcJ:o{C, MOC VD?£(C:fb'(,^T 

2 0> ;^(qi, f ^ct>t>GaNCD <1 - 1 0 0> :^!^t.'r 

[ 0 1 5 2 ] a 1 6, 0 1 7 tt, ^msLm^mm.m (s 

EM) {rj:!3iS$4«-»fB*»e>KS?tfct>or)T-$.5. 01 

6, mn izm-txoiz. ir*)?>cDaifi±T-t.. sio 

T- G a NOJ5£ft*siiff L, S i O2 v;:^i'*s??ffi-r.5gp 

^SttO G a N@*sf# 
(0 15 3] U*'L/J&:*5e)s 0 1 6 iz^^xf Jlotr, Ga 

N/'-y-7 7'rzcD«)imiit±(3s i 02 ■^;^-i'S:*-r-5 

ti^tt, -x';^i^±{;;tf-i' Kidmen, Sfc vj^^^K-fjicT) 

[0 15 41 —15. 0 1 7{C:^sr<i:o(^> A 1 G a N/ 
G a NZ-y- 77 -f 7CD«ji|giii±{c S i O2 v;;^ £ 

•r-5«-&tc{i, v;:^^±t;}f-f KttK^3^ix-r> 77=-7 
^UfSftfcit), GaNS■e^t^^^{cii^6e)i^T^^•5o S 

i02 ^0-=?:^^SrffJJ5)cU, ■eCD±{CGaN®CD77^7 

CO 1 5 5] ±M<Dm 1 0 fiJiUm 1 1 ©|liSJfJ.^<t 
t)s :^ h^-f 7'^>;-7;ai^(±-y-7 7"f <1 1-2 

0> :^Fiqi. -r^cfc-^GaN© <i - 1 0 0) ::&(pii:5Fff 

«(glAmJ.:i±, iif^b<tt3/zmti.±, ||»CjfSU< 

ttl 0/imW±i:U v;^4?©F^|^ (MnSP©ti) {±1 

[0 15 6] ^7^5;Ufi)<;SS:4l:.^-ii-?)/iA6CD^ 

^^i^^nrnt^mRtLxiis it7 7-(T&'&. Sic 

StS, Siffi^fi. GaAsStfi. GaPSIfi, GaNS 
4fi^©/NVU^©{tiis mii^Vl^'^±ilI TXj^ Gay AI2 
Bi_x_y_2 N (Ogx, y, zgl) ^rifJfiEUfcS^fi 
*s^^fSU^^o tfT-t)Si02 ^® v;^ $;jfj^-r Sg^ 
MA^GaN, it)i!f^ L<(±AlGaNt-$)Si:77^7 
>'^^!)cft{c<t^3f#^>^^fc)|g«ffiMA5Ja^^. <t^li. AlGa 

oyfmmtLXit. AlGaN, InGaN, A IN, 



14) 4$^2000-21789 
GaN, tiXUZtl^OUmzB^miMlLtzmn. 

iiBSUl'**^ I Gay Al^ B^.^.y.^ N (0 
^x, y, zgl) •r-^-3-C*»J;v^o 0iJx.iis •7:;^-5'$: 
ffM UfeAlGaN/Ga N/-y- 7 7 7'affi±{c A 1 
G a N S: 7 5^ ^ ;i/fi5cft $ -fi- T t) J: V ^ o 

1 2 O^SfiffJ,^) g 1 2 ©||Jgjf*.^T-<i, G a N/ 
V'y7-(7mk. *JJ:UfAlGaN/GaN/1t7y'-f 
7'SIS±«C. ^1 0O||figB^T-^xU;^:t^7 7"r7'aifi 
CO < 1 1-20) :^|qi, fitb*) G a NCD < 1 - 1 0 
0) :73(qI{Cti 1 2/zmCDS i O2 -77.^^2 umf^mx 
JBfdtLv •?CD±{cGaN®$:*t)l 0/zmfiEft^c-e-fcftlS 
<&fflt^T, ^CD±aS(wafbifelS«fe4ijf{*:U— tf^ffM 

CO 1 5 7] St, affiCDjilMCi54i«|l^*:U-tf©4# 
ttS:ttli<L/fc. M0CVDife{IJ;5a^b^g5lF,ifi^g^*:^- 

i<Dmmmmi:mmx-h?>o :^mmmmx-it: inGa 

N^,^aS^#F (MQW) £D#^S!c{±2fr5. 
[0 15 8] V-V-m'f^iflS.y.fz^^. GaN/-y- 
7 7"('Tatg±(Cf^i2bfc^^lCit'^, AlGaN/G 

&i^/D-7 7'{Tmm±izifmLrzm^<D:^ifi. 
^^^)tm'^n^zttmmLtzc cai^/v-yy-iT 

tL7!)S^b-5i®^*sfe5, Al GaN/GaN/-tJ-7 7'-1' 

^'aig Srffl (, > t i^-^fz i±, tuiacD i a j^is^^i-cDf mii^ 

SSSHIt{cJ:Sfe(a^jKc[)|f{ffiT-{±, GaN/-tf7 7'-f 7 

A 1 GaN/GaN/tt^T'TT'Stfi 

e>©3S$4T-*, 1 0* cm-^^X- $>-ytz, tf— 4$ 

ttCDiffffigrfTofco Bt)iaoJ:-*)e>CDIS*4T-t.^jgiil7c^ 
fl*5fii|S$nt. GaN/t»-77'l'TS|g$:ffl(->fclS*4 
T-tt, Kfl^gS^JSttiKl 2 . 3kAcm"2, S/f^SJEJi 
*^J4. 8VT-^ot, Sfe, A 1 GaN/GaNZ-y-^ 

kAcm"2, S!if^mE(±?-)3 . SVX^^tzo 
[0 15 9] SSaif^tSSIiiKU 
m^Ltz. GaN/-y-7 7'f 5'»^fiSrffl^^fcJa^T-tt, 

5 0 0 0B#P^|iJgaMi!;ft<&iailSbt$)fc?3d>6, 1^? 

6 0 0 OmfSX-Si^tz, ZtlizML, AlGaN/Ga 
N/tf7 7"f ZSIfi2:ffll,^tU-if-^^T-(is 9 0 0 
0(KfF^fi]KiII^B!;f^?feiii^Lfcfefet)*»6, IpJ^^I^^ 

®fii!jft«EC9A!±#As^6ntA\ ^^1 5 0 0 omfSCO 

m7-m<^i)m^nrzo 

[0 16 0] GaN/-y-7 7"l'7'Sffii:x AlGaN/ 

G a 7-1' 7-^^(7). i: *.e)&{56fflUZ:^-^tc*j 



* 



(15) 
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i5> wmmii. fiisf±ft{c:*;ti^dteJc#*sBe>n5, 

t)^ •;'^Ai^L:.SO^::)^^L. AlGa 

o^cFp1®i±i^i^o cntii!?. ^g^tj, ft 

(^1 3(DnmBm) mi 3(DmmBmi,±. ^y^^ji^m. 

[0 1 6 1 ] a 1 8ii. mi 3(Dmmmmizmi>^!^m{t 
i^-ir—(Dmmmx-h^. 9fr. v-y-r-fTmrni o i 

JbtCGaN@7 0 2^ A 1 G a N® 7 0 3 As«^$nfe 
ffitE7 0 0±t. S i O2 ■=«':^^ 7 0 4 ^Jf^fig-rSo 
tZ, -7^^ 7 0 4©5§Pgi5i t), M0CVD&{ZJ:5G 
eiNS7 0 5?&fi!4*$-a-5o 
[0162] G a NS 7 0 5 Tb^ Sii::^|pI{CEI^^(D?g$ 

[0 16 3] J; 'OtmiZH^ 4'*cDGaNii7 0 5l3j£ 
t/'>;^A»e>s n-GaNr!>:J'^ hM7 0 6. n-AlG 
aN^^ Kg7 0 7, n - G a NA'-f 7 0 8 , M 
QW7 0 9, p-GaN:*/-*" H^7 1 0. p-AlGa 
NJ17 1 1, p-GaN^y^'^ hJi7 1 2*»e.3fc2>U 
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